Paroxysmal nocturnal hemoglobinuria (PNH) is an uncommon disease characterized by bemolytic anemia and hemoglobinuria occurring at night or early in the morning. Many studies about this disease have disclosed that histological examination of kidney specimen obtained by biopsy or necropsy reveals a large amount of hemosiderin deposits in the proximal convoluted tubules and the Henle's loops. In spite of these findings renal function has been considered to be almost normal unless acute renal failure or pyelonephritis is complicated (Crosby 1953; Berliner 1962; Rubin 1971) .
We have encountered three cases of PNH in which chronic renal lesions without the history of acute renal failure and of urethral infection were recognized by means of several nephrological examinations. One of the cases was accompanied by diabetic nephropathy.
In these cases, however, the renal lesions were supposed to be related to hemodynamic changes due to repeated intravascular hemolysis and chronic anemia. Case 3 (A.T.): A 62-year-old single woman without occupation was admitted to Tohoku University Hospital in January 1974 for hemolytic anemia. She was divorced at the age of 32. She had no history of pregnancy, of glomerulonephritis and of urethral infection. In 1961, she was admitted to a certain hospital because of fatigue and the discoloration of her nails. A diagnosis of aplastic anemia was made and stored blood was transfused. In 1963, when thyroidectomy was done at the Department of Surgery of our hospital with a diagnosis of nodular goiter, pancytopenia was detected and 2.5 liter of fresh blood were transfused. Thereafter she became to be often troubled by common cold and jaundice. In 1973, she was admitted to Ishinomaki Red Cross Hospital with nausea and tiredness of the knee joints, where Ham test was found positive. At the time of her admission to our hospital she was slender and averagely nourished. The conjunctivae and the face showed no anemia and no icterus. Petechiae was revealed on the mucous membrane of the mouth. The chest and the abdomen were normal physically. The laboratory data are given in Tables 1, 2 and 3. The chest X-ray films and the ECG showed no abnormalities. Funduscopic examination revealed no hypertensive changes. Culture of the urine was sterile. In March 1974, she was discharged with improvement of the subjective symptoms.
RESULTS OF SPECIAL EXAMINATIONS
In these three cases, RBC and hemoglobin concentration were decreased in the peripheral blood, and erythroid hyperplasia was revealed in the bone marrow. Ham test, sugar water test and/or Hegglin test were positive. Morning urine specimens showed a large number of hemosiderin crystals. Alkaline phosphatase in neutrophile leucocytes was decreased. Erythrocyte osmotic fragility was normal. LDH was highly elevated. All these data support the diagnosis of PNH.
Kidney function studies in these cases are shown in Table 3 . In Case 1, dysfunction of the kidney seemed definite because creatinine clearance and hemosiderin deposits are seen in the surviving epithelia of convoluted tubules.
There is an increase of interstitial tissue accompanied by diffuse infiltration of round cells. Case 2 (Fig. 3 ) : All the obtained glomeruli appear normal. On more detailed examination, there is mild interstitial fibrosis around these glomeruli, and some of convoluted tubules are atrophic. A large number of hemosiderin crystals are deposited in proximal convoluted tubules and Henle's loops. Round cell infiltration in interstitium is not so remarkable.
In case 3 renal biopsy was not performed.
DISCUSSION
In case 1, diabetes mellitus became manifest in consequence of the steroid therapy for hemolytic anemia. The renal histological finding of this case shows an early diabetic glomerulosclerosis (Kimmelstiel et al. 1966 ). However, the tubular atrophy and the interstitial fibrosis in this case are more severe than the changes expected in this stage of diabetic nephropathy (Gellman et al. 1959 ). Furthermore, funduscopic examination of this case showed little diabetic change. This may confirm the mildness of diabetic nephropathy of this case since it is generally found that diabetic nephropathy and retinopathy progress with similar pace. Blaisdell et al. (1958) reported on the renal lesions of PNH complicated with diabetes mellitus. Although it was evident that the case was complicated by pyelonephritis, they supposed that the changes on tubules and interstitium may be at least in part a consequence of the massive deposition of iron. In our case, the patient's history, intravenous pyelography and urinalysis did not suggest complication of pyelonephritis. It may be regarded that these changes on tubules and interstitium seen in our case are due to PNH itself. It is of common knowledge that renal glucosuria, increased urate clearance and a few low molecular weight protein bands seen in urinary protein electrophoresis were the indicators to tubular dysfunction (Revillard et al. 1970; Ramsdell and Kelley 1973) . Accordingly, tubular dysfunction may be apparent in Case 2, cor -responding to the histological change. All of these changes seem to be closely related to PNH because no other disorder was present. In Case 3, tubular dysfunction appears more distinct from decline of %TRP and presence of renal glucosuria and tubular proteinuria. Histological confirmation was lacking in this patient. But, she had no history of urethral infection, and the culture of the urine was sterile. Consequently, it is likely that the tubular dysfunction was due to PNH, too. When PNH is accompanied by lesions of kidney, mainly those of tubules and interstitium, it is the subject of discussion whether the lesions are directly due to hemoglobinuria or not. Crosby (1953) mentioned that in PNH there was no scarring of the kidney or destruction of nephrons unless infection supervened. Similar opinions have been published by several investigators afterwards (Berliner 1962; Rubin 1971 ). On the other hand, Heitzman et al. (1953) and Blaisdell et al. (1958) suggested that these changes of kidney were significantly affected by iron deposits resulting from reabsorption of large amounts of hemoglobin in tubules. However, we do not know if iron is nephrotoxic as copper , cadmium, lead or mercury. Meanwhile , several reports have suggested that tubular function may be impaired with reabsorption of massive protein in proximal convoluted tubules like albumin in patients with nephrotic syndrome (Sebastian et al . 1968 ), BenceJones protein in myeloma (Harrison and Blainey 1967) and lysozyme in monocytic leukemia (Muggia et al . 1969 ). According to this concept it is likely that reabsorption of hemoglobin in proximal convoluted tubules inflicts damage upon kidney, for hemoglobin is a protein of molecular weight nearly equal to albumin (M.W. 68000). On the contrary, in most instances of disorders associated with renal hemosiderosis , functional and histological impairment of the kidney has not been revealed how massive hemosiderin deposits may have been (Leonardi and Ruol 1960; Hutt et al. 1961; Roberts and Morrow 1966) . We cannot conclude, therefore, that only hemoglobinuria was the cause of the renal impairment in our patients. Shioji et al. (1974) asserted that alteration in renal hemodynamics may be a predisposing factor as the cause of tubular dysfunction in patients with nephrotic syndrome. The observation about paroxysmal cold hemoglobinuria with renal insufficiency by Sussman and Kayden (1948) suggested diminished renal blood flow with vasoconstriction as one of the mechanism of renal damage . On the other hand, Bradley and Bradley (1947) mentioned that renal vasoconstriction with great reduction of effective blood flow occurred in severe chronic anemia. Some by-products of the hemolytic process also may produce a significant circulatory depression resulting in renal ischemia , although the change may be temporary (Burwell et al. 1947; Conn et al. 1956 ). Consequently, since the patients reported here have a history of repeated hemolytic crisis and of a severe anemia with one million level of RBC per cubic millimeter in the peripheral blood , there have possibly been continuous renal vasoconstriction, and reabsorption of massive hemoglobin may have accelerated anoxia of tubular cells in the ischemic stat e to cause chronic tubular dysfunction .
